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作物生産を維持するためには土壌侵食を4.9-12.4 t ha–1 year–1に抑える必要があるとしている．人類はカ
ロリーベースで食敘の約 99.7%を土地から得ていることから，土壌を保全し，その生産性を維持するこ
とは人類の生存にとって極めて重要な課題である（Daved Prerenial, 2006）．そのため，土壌侵食は農牧
林業の生産性に悪影響を及ぼす世界瘩な問題の一つとなっており（Lal and Stewart, 1990; Plimentel, 1993; 











図 1-1 World Soil Erosion Map 


















図 1-2 研究対象地域位置図 

























図 1-3 モザンビーク国の土壌侵食ハザードマップ 
（Source: INIA, 1986） 
 
 




Soil Loss  
(t ha-1 year-1) 
Low 1 0-5 
 2 6-10 
Midium 3 11-15 
 4 16-20 
High 5 21-30 
 6 31-40 
Very High 7 41-50 
 8 >50 




























険度評価に必要な情報が限られていたため，その様な条件下でも土壌侵食量の予測が可能な Soil Loss 






壌侵食の予測には，Wischmeier・Smith（1978）によって開瘠されたUniversal Soil Loss Equation（USLE）
モデルが世界瘩に広く用いられてきた．SLEMSAモデルはこのUSLEモデルを参考に，限られた情報の
みでも土壌侵食量の予測が可能なよう簡断化されたモデルである．USLEモデル開瘠後，同モデルにつ










なり，Agricultural Non-Point-Source Polution Model（AGNPS）（Young et al., 1989）やWater Erosion Prediction 
Project（WEPP）（Lane and Nearing, 1989），Kinematic Runof and Erosion Model（KINEROS）（Woolhiser 








表 1-2 代表瘩な既往の土壌侵食予測モデルの特徴 







SLEMSA 経験瘩 圃場 年単位 評価不可能 非常に シンプル 
USLE / 
RUSLE 経験瘩 圃場 年単位 
邪分瘩に 
評価可能 シンプル 





WEPP ﾌﾟﾛｾｽﾍﾞ ｽｰ 小泿域 降雨単位 ~斌単位 評価可能 
複雑だが 
ｿﾌﾄｳｪｱｰ 化 
KINEROS ﾌﾟﾛｾｽﾍﾞ ｽｰ 小泿域 分単位 ~降雨単位 評価不可能 複雑 




































































であるUSLE（Wischmeier and Smith, 1978）は，以下の様な5つの係政の積で表されている． 
A = R K LS C P 
A：予測土壌侵食量（kg m-2） 














































This area includes the land between 200 and 1,000 meters in elevation. Annual rainfal ranges 
between 800 and 1,000 mm and temperature range is 20 to 25oC. The texture of the soils varies 
from sandy to clay, consistent with the topography. 
R10 
(Lichinga) 
The high altitude region of Zambezia and Niassa highlands. Annual rainfal is over 1,200 mm, 
and average temperature during the growing period is 15 to 22.5oC. The soils are principaly 
feralsols. 
Source: Mozambique Agricultural Development Strategy, World Bank, February 2006 
 
表 2-2 Nampula, Lichingaの位置情報および主な気象条件 



























*Source: Mozambique Seasonal (Nov to Apr) Rainfal Map, WFP, Jul 1996 
†Source: climate data.eu: htps:/www.climatedata.eu/ 
 
表 2-3 Nampula, Lichingaの試験地の土壌条件 






















0-3 5.6  5.4  21.5  0.12  2.2  81.5 7.2  10.2 1.1 1.50 
3-20  5.7  7.5  19.6  0.15  2.4.  82.9 3.7  13.1 1.2  1.46 
20-42 5.2  4.3  10.8  0.25  6.6  50.4 9.1  38.6 1.9  1.81 
42-68 5.5  4.1  3.2  0.21  4.4  40.8 5.8  30.3 23.1 1.67 
68-100 5.1  3.9  5,4  0.24  6.8  53.1 11.2 34.4 1.3  1.72 
Lichinga 
0-6  5.4  25.2  29.6  0.76  7.4  48.8 14.0 35.8 1.4  1.26 
6-30  5.2  26.3  27.4  0.66  7.0  46.5 20.9 31.4 1.2  1.18 
30-42 5.0  15.8  13.9  0.91  10.2  22.5 8.3  68.3 0.9  1.45 
42-66 5.2  10.7  10.6  0.98  12.4  24.5 9.8  64.6 1.1  1.57 
66-100 5.1  10.6  9.4  0.93  12.9  25.6 8.5  64.3 1.6  1.53 
* Water extraction method (1:2.5) 






























表 2-4 供試験作物の播種間隔および施肥量 
作物 株間 （cm） 
条間 
（cm） 敲肥量 
キマメ 50  80 無敲肥 
トウモロコシ  25  80 Nampulaでは2014年1月2斌，Lichigaでは2015年1月20斌に尿素をNとして30kg ha-1敲用した． 





















Nampula 1  Tilage 
 
Tilage Tilage 
2  Tilage + Sorghum mulch   Tilage + Pigeon pea mulch   Tilage + Maize mulch 
 
3  Minimum tilage 
 
Minimum tilage Minimum tilage 
4  Minimum tilage +  
Sorghum mulch 
Minimum tilage +  
Pigeon pea mulch 
Minimum tilage +  
Vetiver grass hedgerow 
(each 2.1 m) 
Lichinga 1  Contour ridge 
 
Contour ridge  
2  Contour ridge+  
Maize incorporation (4 t ha-1) 
Contour ridge +  
Pigeon pea incorporation (1.5 t ha-1) 
 
3  Minimum tilage 
 
Minimum tilage  
4  Minimum tilage + 
Sun flower mulch 
Minimum tilage +  
Pigeon pea mulch  
 
5  Minimum tilage +  
Soy mulch 
Minimum tilage +  
Pigeon pea aley cropping 
 
6  Minimum tilage +  
Maize mulch  
Minimum tilage +  
Vetiver grass hedgerow 






表 2-6 作物・圃場管理記録 





Planting Mulching† Pruning  Weeding†† Harvest 
Nampula  1st year 
(2013) 


















Lichinga  1st year 
(2013/2014) 






















*Weeding was conducted only in Minimum tilage plot  
† Mulching was conducted only in Mulching plot 
††No diference in weeding frequency between the treatments 
P Pigenpea aley crppping pruning 




































































表 2-7 残渣マルチを行った処理区の残渣使用量および地表面被覆率 







Tilage + Sorghum mulch 2.0 25 
Minimum tilage + Sorghum mulch  2.0 25 
2nd year 
(2013/2014) 
Tilage + Pigeon pea mulch  1.5 32 
Minimum tilage + Pigeon pea mulch  1.5 32 
3rd year 




Minimum tilage + Sun flower mulch  4.0 17 
Minimum tilage + Soy mulch 4.0 43 
Minimum tilage + Maize mulch  4.0 35 
2nd year 































図 2-2 火災に対するベチベル草の耐性 




















































































Runof colector tank 
 
Soil 24m 












表 2-8 処理毎の土壌侵食量と作物収量 
Location Year  Crop Treatments* Yield† (kg ha-1) 
Soil loss 
(t ha-1) R‡ 
Nampula 1st year 
(2013) 
Pigeon pea 1. Tilage 866 ab 23.1 
481 2. Tilage + Sorghum mulch (25%) 1,376 b  8.7 3. Minimum tilage 564 a  33.7 
4. Minimum tilage + Sorghum mulch (25%)  960 ab 3.4 
2nd year 
(2013/2014) 
Maize  1. Tilage 3,333 
NS 
24.9 
514 2. Tilage + Pigeon pea mulch (32%) 2,949 7.5 3. Minimum tilage 3,657 15.1 
4. Minimum tilage + Pigeon pea mulch (32%)  2,510 0.7 
3rd year 
(2014/2015) 
Cassava 1. Tilage 15,200 a  21.3 
672 2. Minimum tilage + Maize mulch (31%)  14,273 a  0.8 3. Minimum tilage 10,844 ab 0.3 
4. Minimum tilage + Vetiver grass hedgerow  8,044 b  0.5 
Lichinga 1st year 
(2013/2014) 
Pigeon pea 1. Contour ridge 1,052 ab - 
253 
2. Contour ridge + Maize incorporation  1,452 ab - 
3. Minimum tilage 823 a  11.5 
4. Minimum tilage + Sun flower mulch (17%)  1,328 ab 5.6 
5. Minimum tilage + Soy mulch (43%)  1,678 b  11.4 
6. Minimum tilage + Maize mulch (35%)  1,156 ab 3.4 
2nd year 
(2014/2015) 




2. Contour ridge + Pigeon pea incorporation   4,736 - 
3. Minimum tilage 4,816 35.2 
4. Minimum tilage +Pigeon pea mulch (27%)  4,662 3.5 
5. Minimum tilage +Pigeon pea aley cropping  4,835 4.6 
6. Minimum tilage + Vetiver grass hedgerow  4,918 8.0 
* The percentage in parentheses indicates the area of ground surface covered by crop residue. 
† Means folowed by the same leter are not significantly diferent according to Tukey Test at α = 0.05 









































































































































































Minimum tilage + Mulch













































































Minimam tilage + Soy mulch
Minimam tilage + Sunflower Mulch
























































































































表 2-9 Nampulaにおける降雨係数：Rが同程度の降雨時における 
土壌侵食量の比較 
 1st year 2nd year 3rd year 
Rainfal 
event 
Strat 2013/1/26 20:30 2014/1/18 3:30  2015/1/11 2:00 
End 2013/1/28 9:00  2014/1/18 5:30  2015/1/15 16:00 
R 21.3 21.5 19.6 
Soil loss (t ha-1)  4.62 1.70 0.01 
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における現地の 1斌（8旓間労働）当たり労働者賃金は約 1.6 US$であるが，最小耕起に切り替えた場
合，播種前の作業は除草のみで浶む様になることから耕起から切り替えた場合1haあたり200旓間（40 







表 2-10  耕起，留立て，除草に必要な 
1ヘクタール当たりの労働時間 




*Calculated with man-day described in cassava 
cultivation manual, 2010, IIAM by multiplying 
by 8 hours. 
 
 
表2-11  播種/植付に必要な 
1ヘクタール当たりの労働時間 




Pigeon pea 64 
*Calculated with man-day described in 
each crop cultivation manual elaborated 


























































































































数，Lichingaの試験では最小耕起区から1年目の試験では11.5t ha-1，2年目の試験では35.2 t ha-1の土壌
April 24, 2015 July 23, 2015 























































険度評価に必要な情報が限られていたため，その様な条件下でも土壌侵食量の予測が可能な Soil Loss 
Estimation Model for South Africa（SLEMSA）が用いられた．SLEMSAモデルは，アフリカ地域の様に土
壌侵食の危険度評価に必要な情報が限られた地域でも土壌侵食の予測を可能にするためにElwel（1978）
によってジンバブエの高地で開瘠された経験瘩土壌侵食予測モデルである．SLEMSAモデル は，ジン








表 3-1 代表瘩な既往のモデルの特徴 







SLEMSA 経験瘩 圃場 年単位 極めて限定瘩 非常に シンプル 
USLE / 
RUSLE 経験瘩 圃場 年単位 
邪分瘩に 
評価可能 シンプル 





WEPP ﾌﾟﾛｾｽﾍﾞ ｽｰ 小泿域 降雨単位 ~斌単位 評価可能 
複雑だが 
ソフトウェアー化  
KINEROS ﾌﾟﾛｾｽﾍﾞ ｽｰ 小泿域 分単位 ~降雨単位 評価不可能 複雑 































図 3-1 SLEMSAモデルの構成 




Z = K C X 
Z：予測土壌試食量（t ha-1 year-1） 










(1) K：標準圃場（斜面長30 m，幅10m，傾斜4.5%，裸地）における土壌侵食量（t ha-1 year-1） 
サブモデルＫは次式で表される． 
K = exp (0.4681 + 0.7663×F)×ln (E) + 2.884 - 8.2109×F) 
ここで，F：土壌受食性インデックスは，圃場の土性によって表3-2の値から遥択される． 
 
表 3-2 SLEMSAモデルの土壌受食性インデックス：F 
Soil Texture Soil Type Erodibility Index, F 
Light  Sands, Loamy Sands, Sandy Loam 4 
Medium  Sandy Clay Loam, Clay Loam, Sandy Clay  5 
Heavy  Clay, Heavy Clay 6 




霧雨になり断い地域の場合：E = 17.37×Pi 










i < 50の場合：C = exp (-0.06×i) 




表 3-3 5つの土地利用ごとの降雨エネルギー遮断率 
Land use/vegetation % energy interception for scenario* I I II IV  V 
Forest 90  90  70  50  0 
Woodland 70  70  50  30  0 
Grassland 70  60/40  30/20  30/20  0 
Cropland -  36  20  20  0 







Wel-yielding crops, moderate grasing pressure 
Poor-yielding crops, heavy grasing pasture, limited deforestation 
Moderate-yielding crops, heavy grasing pastute, intensive deforestation 
Bare soil 
Source: Leeners, 1990 
 
(3) X：斜面長L m，傾斜S%の区画における土壌侵食量と標準圃場からの土壌侵食量の比 
サブモデルＸは次式によって表される． 























表 3-4 各試験期間のサブモデルKの値 






(t ha-1 year-1) 
Nampula 
1年目 オリジナル 934 17597 4  97.5 モザンビーク 934 21328 4 192 
2年目 オリジナル 1301 24511 4 314 モザンビーク 1301 27567  4 476 
3年目 オリジナル 1516 28561 4 540 モザンビーク 1516 31222 4 740 
Lichinga 
1年目 オリジナル 827 15581 5 28.1 モザンビーク 827 23550 5 74.0 







表 3-5 各試験地のサブモデルCの値 
試験地 i (%) C 
Nampula 36 0.115 










表 3-6 各試験地のサブモデルXの値 
試験地 S (%) 
L 
(m) X 
Nampula  4.2  24  3.09 






















































































2 ） SLEMSA（オリジナル） SLEMSA（モザンビ クー）




雨量 (mm): 827  1250  
 





















































図 3-5 モザンビークにおける雨期（11月-4月）の雨量マップ 























図 3-6 WEPPによる土壌侵食予測の概要 


























solution of the kinematic wave model)）を用いる．一数，WEPPを連続した降雨イベント期間に遚用する場
第3章 土壌侵食モデルの現地遚合性の検証 
54 







∂            (3-6) 





























































































































fR αγτ sin                        (3-14) 
( )( )scrrcbc CC ττττ =        (3-15) 
23








τcb :定政(Pa) (土壌の粒径組成の関政) 
Cτrr:ランダムラフネス (土壌の凹凸) の効果 
Cτsc: クラストの効果 
kt：遀搬係政(m0.5·s2·kg-0.5) 





















換容量（meq 100g-1），アルべド，初期含水率（%），留敚面受食性（kg s m−4），留













表 3-8 WEPPモデルの適用に用いた斜面データ 
試験地 処理区 パラメータ 政値 




傾敚（%） 3.5  3.5  0.01  0.01  0.01 
敚面長（m） 0.000  22.327  23.518  23.784  24.000 
















表 3-9 Nampula, Lichingaの試験地の土壌条件 


















0-3 0.54  2.2  81.5  7.2  10.2 1.1 1.50 
3-20  0.75  2.4.  82.9  3.7  13.1  1.2  1.46 
20-42  0.43  6.6  50.4  9.1  38.6  1.9  1.81 
42-68  0.41  4.4  40.8  5.8  30.3  23.1  1.67 
68-100  0.39  6.8  53.1  11.2  34.4  1.3  1.72 
Lichinga 
0-6  2.52  7.4  48.8  14.0  35.8  1.4  1.26 
6-30  2.63  7.0  46.5  20.9  31.4  1.2  1.18 
30-42  1.58  10.2  22.5  8.3  68.3  0.9  1.45 
42-66  1.07  12.4  24.5  9.8  64.6  1.1  1.57 



































表 3-10  WEPPに入力したNampulaにおける各処理区の作物・圃場管理スケジュール 
Nampula処理区①（1-3年目：耕起） 
Date 
(M/D/Y) Operation Type Name Comments 
1/1/2010 Initial Conditions  After harvest of peanut  
6/20/2011  Tilage Tilage 10cm  Depth: 10.00 cm; Type: Pri 
12/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
12/21/2011  Plant - Annual  Corn - Medium Fertilzation Level  Row Width: 80.00 cm 
1/20/2012  Tilage Ridge Depth: 10.00 cm; Type: Sec 
3/10/2012  Tilage Ridge Depth: 10.00 cm; Type: Sec 
4/25/2012  Harvest - Annual  Corn - Medium Fertilzation Level  
4/26/2012  Residue Removal  Residue Removal Mozambique  
1/3/2013  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
1/6/2013  Residue Removal  Residue Removal Mozambique  
1/7/2013  Plant - Annual  Nampula Pigeon Pea 1 Row Width: 80.00 cm 
2/1/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/14/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
7/13/2013  Harvest - Annual  Nampula Pigeon Pea 1  
7/14/2013  Residue Removal  Residue Removal  
12/11/2013  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
12/17/2013  Residue Removal  Residue Removal  
12/18/2013  Plant - Annual  Nampula Maize Row Width: 80.00 cm 
1/5/2014  Residue Addition  Weed  
1/6/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/20/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/10/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
5/1/2014  Harvest - Annual  Nampula Maize  
5/2/2014  Residue Removal  Residue Removal  
6/1/2014  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
11/27/2014  Residue Removal  Residue Removal  
11/27/2014  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
11/28/2014  Plant - Annual  Cassava Row Width: 105.00 cm 
1/12/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/16/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 








(M/D/Y) Operation Type Name Comments 
1/1/2010 Initial Conditions  After harvest of peanut  
6/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
12/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
12/21/2011  Plant - Annual  Corn - Medium Fertilzation Level  Row Width: 75.00 cm 
1/20/2012  Tilage Ridging Depth: 10.00 cm; Type: Sec 
3/10/2012  Tilage Ridging Depth: 10.00 cm; Type: Sec 
4/25/2012  Harvest - Annual  Corn - Medium Fertilzation Level  
1/3/2013  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
1/6/2013  Residue Removal  Residue Removal  
1/7/2013  Residue Addition  Sorghum mulch  
1/7/2013  Plant - Annual  Nampula Pigeon Pea 2 Row Width: 80.00 cm 
2/1/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/14/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
7/13/2013  Harvest - Annual  Nampula Pigeon Pea 2  
12/11/2013  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
12/17/2013  Residue Removal  Residue Removal  
12/18/2013  Residue Addition  Pigeonpea Mulch Nampula  
12/18/2013  Plant - Annual  Nampula Maize Row Width: 80.00 cm 
1/6/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/20/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/10/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
5/1/2014  Harvest - Annual  Nampula Maize  
6/1/2014  Residue Removal  Residue Removal Mozambique  
6/1/2014  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
11/25/2014  Residue Removal  Residue Removal Mozambique  
11/26/2014  Residue Addition  Weed 3  
11/27/2014  Residue Addition  Weed 3  
11/27/2014  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
11/28/2014  Residue Addition  Weed 2  
11/28/2014  Plant - Annual  Cassava Row Width: 105.00 cm 
12/10/2014  Residue Addition  Weed 3  
12/23/2014  Residue Addition  Weed 3  
1/10/2015  Residue Addition  Weed 3  
1/12/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/14/2015  Residue Addition  Weed 2  
2/16/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 







(M/D/Y) Operation Type Name Comments 
1/1/2010 Initial Conditions After harvest of peanut  
6/20/2011 Tilage Tilage 10cm Primary Depth: 10.00 cm; Type: Pri 
12/20/2011 Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
12/21/2011 Plant - Annual Corn - Medium Fertilzation Level Row Width: 80.00 cm 
1/20/2012 Tilage Ridging Depth: 10.00 cm; Type: Sec 
3/15/2012 Tilage Ridging Depth: 10.00 cm; Type: Sec 
4/25/2012 Harvest - Annual Corn - Medium Fertilzation Level  
4/26/2012 Residue Removal Residue Removal   
1/3/2013 Tilage Leveling Depth: 5.00 cm; Type: Pri 
1/6/2013 Residue Removal Residue Removal  
1/7/2013 Plant - Annual Nampula Pigeon Pea 2 Row Width: 80.00 cm 
2/1/2013 Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/14/2013 Tilage Weeding Depth: 2.00 cm; Type: Sec 
7/13/2013 Harvest - Annual Nampula Pigeon Pea 2  
7/14/2013 Residue Removal Residue Removal  
12/11/2013 Tilage Weeding Depth: 2.00 cm; Type: Pri 
12/17/2013 Residue Removal Residue Removal Mozambique  
12/18/2013 Plant - Annual Nampula Milho Row Width: 80.00 cm 
12/20/2013 Residue Addition Weed 1  
12/28/2013 Residue Addition Weed 2  
1/2/2014 Residue Addition Weed 3  
1/6/2014 Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/10/2014 Residue Addition Weed 3  
1/20/2014 Tilage Weeding incorporation Depth: 2.00 cm; Type: Sec 
2/1/2014 Residue Addition Weed  
2/10/2014 Tilage Weeding incorporation Depth: 2.00 cm; Type: Sec 
3/20/2014 Residue Addition Weed 3  
5/1/2014 Harvest - Annual Nampula Maize  
5/2/2014 Residue Removal Residue Removal Mozambique  
11/27/2014 Residue Removal Residue Removal Mozambique  
11/28/2014 Tilage Weeding Depth: 2.00 cm; Type: Pri 
11/28/2014 Tilage Conservation tilage Depth: 10.00 cm; Type: Sec 
11/28/2014 Plant - Annual Cassava Row Width: 105.00 cm 
12/6/2014 Residue Addition Weed 1  
12/8/2014 Residue Addition Weed 1  
12/10/2014 Residue Addition Weed 1  
12/12/2014 Residue Addition Weed 1  
12/14/2014 Residue Addition Weed 1  
12/18/2014 Residue Addition Weed 2  
12/26/2014 Residue Addition Weed 2  
1/1/2015 Residue Addition Weed 3  
1/3/2015 Residue Addition Weed 3  
1/5/2015 Residue Addition Weed 3  
1/7/2015 Residue Addition Weed 3  
1/8/2015 Residue Addition Weed 3  
1/9/2015 Residue Addition Weed 3  
1/10/2015 Residue Addition Weed 3  
1/11/2015 Residue Addition Weed 3  
1/12/2015 Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/16/2015 Tilage Weeding Depth: 2.00 cm; Type: Sec 






(M/D/Y) Operation Type Name Comments 
1/1/2010 Initial Conditions  After harvest of peanut   
6/20/2011  Tilage Tilage 10cm Primary Depth: 10.00 cm; Type: Pri 
12/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
12/21/2011  Plant - Annual  Corn - Medium Fertilzation Level  Row Width: 75.00 cm 
1/20/2012  Tilage Ridging Depth: 10.00 cm; Type: Sec 
3/15/2012  Tilage Ridging Depth: 10.00 cm; Type: Sec 
4/25/2012  Harvest - Annual  Corn - Medium Fertilzation Level  
4/26/2012  Residue Removal  Residue Removal   
1/3/2013  Tilage Leveling Depth: 5.00 cm; Type: Pri 
1/6/2013  Residue Removal  Residue Removal   
1/7/2013  Residue Addition  Sorghum mulch  
1/7/2013  Plant - Annual  Nampula Pigeon Pea 3 Row Width: 80.00 cm 
2/1/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/14/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
7/13/2013  Harvest - Annual  Nampula Pigeon Pea 3  
7/14/2013  Residue Removal  Residue Removal  
12/11/2013  Tilage Weeding  Depth: 2.00 cm; Type: Pri 
12/11/2013  Residue Removal  Residue Removal   
12/12/2013  Residue Addition  Weed 3  
12/13/2013  Residue Addition  Weed 3  
12/18/2013  Plant - Annual  Nampula Maize Row Width: 80.00 cm 
12/20/2013  Residue Addition  Weed 3  
12/25/2013  Residue Addition  Weed 3  
1/1/2014  Residue Addition  Weed 3  
1/5/2014  Residue Addition  Weed 3  
1/6/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/10/2014  Residue Addition  Weed 2  
1/15/2014  Residue Addition  Weed 3  
1/20/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/10/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
5/1/2014  Harvest - Annual  Nampula Maize  
5/2/2014  Plant - Perennial  Vetiver grass Row Width: 30.00 cm; Does not 
senesce 
5/3/2014  Residue Removal  Residue Removal   
11/27/2014  Residue Removal  Residue Removal   
11/27/2014  Tilage Minimum Tilage Cassava Depth: 10.00 cm; Type: Pri 
11/28/2014  Plant - Annual  Cassava Row Width: 15.00 cm 
12/1/2014  Residue Addition  Weed 1  
12/10/2014  Residue Addition  Weed 2  
12/20/2014  Residue Addition  Weed 3  
12/30/2014  Residue Addition  Weed 3  
1/10/2015  Residue Addition  Weed 3  
1/12/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/16/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 







(M/D/Y) Operation Type Name Comments 
1/1/2010 Initial Conditions  After harvest of peanut   
6/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
12/20/2012  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
12/21/2012  Plant - Annual  Corn - Medium Fertilzation Level  Row Width: 75.00 cm 
1/20/2012  Tilage Ridging Depth: 10.00 cm; Type: Sec 
3/15/2012  Tilage Ridging Depth: 10.00 cm; Type: Sec 
4/25/2012  Harvest - Annual  Corn - Medium Fertilzation Level  
4/26/2012  Residue Removal  Residue Removal  
1/3/2013  Tilage Leveling Depth: 5.00 cm; Type: Pri 
1/6/2013  Residue Removal  Residue Removal  
1/7/2013  Residue Addition  Sorghum mulch  
1/7/2013  Plant - Annual  Nampula Pigeon Pea 2 Row Width: 80.00 cm 
2/1/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/14/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
7/13/2013  Harvest - Annual  Nampula Pigeon Pea 2  
7/14/2013  Residue Removal  Residue Removal  
12/11/2013  Tilage Weeding  Depth: 2.00 cm; Type: Pri 
12/17/2013  Residue Removal  Residue Removal  
12/18/2013  Residue Addition  Pigeonpea Mulch Nampula  
12/18/2013  Plant - Annual  Nampula Maize Row Width: 75.00 cm 
1/5/2014  Residue Addition  Weed  
1/6/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/20/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/10/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
5/1/2014  Harvest - Annual  Nampula Maize  
5/2/2014  Plant - Perennial  Vetiver grass Row Width: 80.00 cm; Does not 
senesce 
5/2/2014 Irigate Irigate Vetiver  
5/10/2014 Irigate Irigate Vetiver  
5/20/2014 Irigate Irigate Vetiver  
5/30/2014 Irigate Irigate Vetiver  
6/10/2014 Irigate Irigate Vetiver  
6/30/2014 Irigate Irigate Vetiver   
11/27/2014  Residue Removal  Residue Removal  
11/27/2014  Tilage Weeding  Depth: 2.00 cm; Type: Pri 
11/28/2014  Cut - Perennial  Vetiver grass  
11/28/2014  Residue Addition  Vetiver grass  
1/30/2015  Cut - Perennial  Vetiver grass  
1/30/2015  Residue Addition  Vetiver grass  
3/30/2015  Cut - Perennial  Vetiver grass  











(M/D/Y) Operation Type Name Comments 
1/1/2011 Initial Conditions  After harvest of maize  
5/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
11/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
11/25/2011  Plant - Annual  Soybeans - High Fertilization Level  Row Width: 40.00 cm 
12/25/2011  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/25/2012  Harvest - Annual  Soybeans - High Fertilization Level  
5/20/2012  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
11/20/2012  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
11/25/2012  Plant - Annual  Lichinga Maize Row Width: 80.00 cm 
12/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/25/2013  Harvest - Annual  Lichinga Maize  
11/26/2013  Residue Removal  Residue Removal   
11/26/2013  Tilage Weeding Depth: 2.00 cm; Type: Pri 
11/27/2013  Plant - Annual  Lichinga Pigeon Pea Row Width: 80.00 cm 
12/10/2013  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
12/29/2013  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
1/8/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
1/24/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
2/21/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
3/7/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
4/5/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
7/25/2014  Harvest - Annual  Lichinga Pigeon Pea  
12/10/2014  Residue Removal  Residue Removal  
12/10/2014  Tilage Weeding Depth: 2.00 cm; Type: Pri 
12/10/2014  Plant - Annual  Lichinga Maize Row Width: 80.00 cm 
1/2/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/14/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/30/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/20/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/20/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 







(M/D/Y) Operation Type Name Comments 
1/1/2011 Initial Conditions  After harvest of maize  
5/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
11/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
11/25/2011  Plant - Annual  Soybeans - High Fertilization Level  Row Width: 40.00 cm 
12/25/2011  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/25/2012  Harvest - Annual  Soybeans - High Fertilization Level  
5/20/2012  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
11/20/2012  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
11/25/2012  Plant - Annual  Lichinga Maize Row Width: 80.00 cm 
12/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/25/2013  Harvest - Annual  Lichinga Maize  
11/26/2013  Residue Removal  Residue Removal  
11/26/2013  Tilage Weeding  Depth: 2.00 cm; Type: Pri 
11/27/2013  Residue Addition  Sunflower Mulch  
11/27/2013  Plant - Annual  Lichinga Pigeon Pea Row Width: 80.00 cm 
12/10/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
12/29/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/8/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/24/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/21/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/7/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/5/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
7/25/2014  Harvest - Annual  Lichinga Pigeon Pea  
12/9/2014  Residue Removal  Residue Removal  
12/9/2014  Tilage Weeding Depth: 2.00 cm; Type: Pri 
12/10/2014  Residue Addition  Pigeon pea mulch Lichinga  
12/10/2014  Plant - Annual  Lichinga Milho Row Width: 80.00 cm 
12/11/2014  Residue Addition  Pigeon pea mulch Lichinga  
1/2/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/14/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/30/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/1/2015  Residue Addition  Pigeon pea mulch Lichinga  
2/20/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/20/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 








(M/D/Y) Operation Type Name Comments 
1/1/2011 Initial Conditions  After harvest of maize  
5/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
11/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
11/25/2011  Plant - Annual  Soybeans - High Fertilization Level  Row Width: 40.00 cm 
12/25/2011  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/25/2012  Harvest - Annual  Soybeans - High Fertilization Level  
5/20/2012  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
11/20/2012  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
11/25/2012  Plant - Annual  Lichinga Maize Row Width: 40.00 cm 
12/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/25/2013  Harvest - Annual  Lichinga Maize  
11/26/2013  Residue Removal  Residue Removal  
11/26/2013  Tilage Weeding  Depth: 2.00 cm; Type: Pri 
11/27/2013  Residue Addition  Soy bean Mulch  
11/27/2013  Plant - Annual  Lichinga Pigeon Pea Row Width: 80.00 cm 
12/10/2013  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
12/29/2013  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
1/8/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
1/24/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
2/21/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
3/7/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
4/5/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
7/25/2014  Harvest - Annual  Lichinga Pigeon Pea  
12/8/2014  Residue Removal  Residue Removal Mozambique  
12/9/2014  Residue Addition  Pigeon pea aley cropping  
12/10/2014  Tilage Weeding Depth: 2.00 cm; Type: Pri 
12/10/2014  Plant - Annual  Lichinga Maize Row Width: 80.00 cm 
1/2/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/14/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/15/2015  Residue Addition  Pigeon pea aley cropping  
1/30/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/20/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/1/2015  Residue Addition  Pigeon pea aley cropping  
3/20/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 








(M/D/Y) Operation Type Name Comments 
1/1/2011 Initial Conditions  After harvest of maize  
5/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
11/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
11/25/2011  Plant - Annual  Soybeans - High Fertilization Level  Row Width: 40.00 cm 
12/25/2011  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/25/2012  Harvest - Annual  Soybeans - High Fertilization Level  
5/20/2012  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
11/20/2012  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
11/25/2012  Plant - Annual  Lichinga Maize Row Width: 80.00 cm 
12/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/25/2013  Harvest - Annual  Lichinga Maize  
11/26/2013  Residue Removal  Residue Removal  
11/26/2013  Tilage Weeding  Depth: 2.00 cm; Type: Pri 
11/27/2013  Residue Addition  Soy bean Mulch   
11/27/2013  Plant - Perennial  Lichinga Pigeon Pea Perenial  Row Width: 80.00 cm; Does not 
senesce 
12/10/2013  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
12/29/2013  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
1/8/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
1/24/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
2/21/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
3/7/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
4/5/2014  Tilage Weeding soy mulch Depth: 2.00 cm; Type: Sec 
12/8/2014  Residue Removal  Residue Removal  
12/9/2014  Tilage Weeding Depth: 2.00 cm; Type: Pri 
12/10/2014  Cut - Perennial  Lichinga Pigeon Pea Perenial  
12/10/2014  Residue Addition  Pigeon pea aley cropping  
1/2/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/14/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/15/2015  Cut - Perennial  Lichinga Pigeon Pea Perenial  
1/15/2015  Residue Addition  Pigeon pea aley cropping  
1/30/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/20/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/1/2015  Cut - Perennial  Lichinga Pigeon Pea Perenial  
3/1/2015  Residue Addition  Pigeon pea aley cropping  
3/20/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 








(M/D/Y) Operation Type Name Comments 
1/1/2011 Initial Conditions  After harvest of maize  
5/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
11/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
11/25/2011  Plant - Annual  Soybeans - High Fertilization Level  Row Width: 40.00 cm 
12/25/2011  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/25/2012  Harvest - Annual  Soybeans - High Fertilization Level  
5/20/2012  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
11/20/2012  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
11/25/2012  Plant - Annual  Lichinga Maize Row Width: 80.00 cm 
12/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/25/2013  Harvest - Annual  Lichinga Maize  
11/26/2013  Residue Removal  Residue Removal  
11/26/2013  Tilage Weeding  Depth: 2.00 cm; Type: Pri 
11/27/2013  Residue Addition  Maize Mulch Lichinga  
11/27/2013  Plant - Annual  Lichinga Pigeon Pea Row Width: 80.00 cm 
12/10/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
12/29/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/8/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/24/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/21/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/7/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/5/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
7/25/2014  Harvest - Annual  Lichinga Pigeon Pea  
12/10/2014  Residue Removal  Residue Removal  
12/10/2014  Tilage Weeding Depth: 2.00 cm; Type: Pri 
12/10/2014  Plant - Annual  Lichinga Maize Row Width: 80.00 cm 
1/2/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/14/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/30/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/20/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/20/2015  Tilage Weeding Depth: 2.00 cm; Type: Sec 








(M/D/Y) Operation Type Name Comments 
1/1/2011 Initial Conditions  After harvest of maize  
5/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
11/20/2011  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
11/25/2011  Plant - Annual  Soybeans - High Fertilization Level  Row Width: 40.00 cm 
12/25/2011  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/25/2012  Harvest - Annual  Soybeans - High Fertilization Level  
5/20/2012  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
11/20/2012  Tilage Tilage 10cm Depth: 10.00 cm; Type: Sec 
11/25/2012  Plant - Annual  Lichinga Maize Row Width: 80.00 cm 
12/25/2012  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/25/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/25/2013  Harvest - Annual  Lichinga Maize  
11/26/2013  Residue Removal  Residue Removal  
11/26/2013  Tilage Weeding Depth: 2.00 cm; Type: Pri 
11/27/2013  Residue Addition  Maize Mulch Lichinga  
11/27/2013  Plant - Annual  Lichinga Pigeon Pea Row Width: 80.00 cm 
12/10/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
12/29/2013  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/8/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
1/24/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
2/21/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
3/7/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
4/5/2014  Tilage Weeding Depth: 2.00 cm; Type: Sec 
7/25/2014  Harvest - Annual  Lichinga Pigeon Pea  
7/27/2014  Plant - Perennial  Vetiver grass Row Width: 30.00 cm; Does not 
senesce 
7/28/2014 Irigate Irigate Vetiver   
8/10/2014 Irigate Irigate Vetiver   
8/27/2014 Irigate Irigate Vetiver   
9/10/2014 Irigate Irigate Vetiver   
9/27/2014 Irigate Irigate Vetiver   
12/9/2014  Residue Removal  Residue Removal  
12/10/2014  Tilage Weeding Depth: 2.00 cm; Type: Pri 
12/11/2014  Cut - Perennial  Vetiver grass  
12/11/2014  Residue Addition  Vetiver grass  
2/16/2015  Cut - Perennial  Vetiver grass  
2/16/2015  Residue Addition  Vetiver grass  
3/18/2015  Cut - Perennial  Vetiver grass  





表 3-12  WEPPに入力したNampulaにおける作物に関するパラメータ 
Parameter Pigeon Pea Maize Cassava Unit 
Plant Growth and Harvest Parameters      
Biomass energy ratio 24.5 24.5 21 kg/MJ 
Growing degree days to emergence 60 60 60 Degrees C.days 
Growing degree days for growing season 4050  4050  3850 Degrees C.days 
In-row plant spacing 50 50 100 cm 
Plant stem diameter at maturity 3 3 3.5 cm 
Height of post-harvest standing residue; cuting 
height 50 50 0 cm 
Harvest index (dry crop yield/total above ground 
dry biomass) 30 30 30  % 
Temperature and Radiation Parameters      
Base daily air temperature 10 10 10 Degrees C 
Optimal temperature for plant growth 25 25 25 Degrees C 
Maximum temperature that stops the growth of a 
perennial crop 0 0 0  Degrees C 
Critical freezing temperature for a perennial crop 0 0 0 Degrees C 
Radiation extinction coeficient 0.3 0.3 0.25  
Canopy, LAI and Root Parameters      
Canopy cover coeficient 3 3 14  
Parameter value for canopy height equation 2.5 2.5 11  
Maximum canopy height 200 200 200 cm 
Maximum leaf area index 3.5 3.5 3.5  
Maximum root depth 152 152 100 cm 
Root to shoot ratio (% root growth/% above 
ground growth) 25 25 25  % 
Maximum root mass for a perennial crop 0 0 0 kg/sq.m 
Senescence Parameters      
Percent of growing season when leaf area index 
starts to decline (0-100%) 51 51  100  % 
Period over which senescence occurs 45 45 0 days 
Percent canopy remaining after senescence (0-
100%) 80 80  100  % 
Percent of biomass remaining after senescence (0-
100%) 80 80  100  % 
Residue Parameters      
Parameter for flat residue cover equation 2.53 1.1 2.1 sq.m/kg 
Standing to flat residue adjustment factor (wind, 
snow, etc.) 99 99 99  % 
Decomposition constant to calculate mass change 
of above-ground biomass 0.0015  0.001  0.013  
Decomposition constant to calculate mass change 
of root-biomass 0.0015  0.0015  0.013  
Use fragile or non-fragile mfo values Non-Fragile Non-Fragile Non-Fragile  
Other Parameters      
Plant specific drought tolerance (% of soil 
porosity) 0 0 5  % 
Critical live biomass value below which grazing 
is not alowed 0 0 0  kg/sq.m 
Maximum Darcy Weisbach friction factor for 
living plant 0 0 0  
Harvest Units WeppWilSet WeppWilSet WeppWilSet  
Optimum yield under no stress conditions 0.3 0.3 0.3 kg/sq.m 
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表 3-13  WEPPに入力したLichingaにおける作物に関するパラメータ 
Parameter Pigeon Pea Maize Unit 
Plant Growth and Harvest Parameters     
Biomass energy ratio 21 28  kg/MJ 
Growing degree days to emergence 60 60 Degrees C.days 
Growing degree days for growing season 4050  1700 Degrees C.days 
In-row plant spacing 50 25 cm 
Plant stem diameter at maturity 3 3.5 cm 
Height of post-harvest standing residue; cuting height 50 0 cm 
Harvest index (dry crop yield/total above ground dry biomass)  30 50  % 
Temperature and Radiation Parameters     
Base daily air temperature 10 10  Degrees C 
Optimal temperature for plant growth 25 25  Degrees C 
Maximum temperature that stops the growth of a perennial crop  0 0  Degrees C 
Critical freezing temperature for a perennial crop 0 0  Degrees C 
Radiation extinction coeficient 0.3  0.65  
Canopy, LAI and Root Parameters     
Canopy cover coeficient 3 3.6  
Parameter value for canopy height equation 2.5 3  
Maximum canopy height 200  200 cm 
Maximum leaf area index 3.5  3.5  
Maximum root depth 152  152 cm 
Root to shoot ratio (% root growth/% above ground growth) 25 50  % 
Maximum root mass for a perennial crop 0 0  kg/sq.m 
Senescence Parameters     
Percent of growing season when leaf area index starts to decline 
(0-100%) 62 51  % 
Period over which senescence occurs 45 30  days 
Percent canopy remaining after senescence (0-100%) 80 65  % 
Percent of biomass remaining after senescence (0-100%) 80 98  % 
Residue Parameters     
Parameter for flat residue cover equation 2.1  1.1 sq.m/kg 
Standing to flat residue adjustment factor (wind, snow, etc.) 99 99  % 
Decomposition constant to calculate mass change of above-ground 
biomass 0.001  0.001  
Decomposition constant to calculate mass change of root-biomass  0.013  0.0025  
Use fragile or non-fragile mfo values Non-Fragile Non-Fragile  
Other Parameters     
Plant specific drought tolerance (% of soil porosity) 0 0  % 
Critical live biomass value below which grazing is not alowed 0 0  kg/sq.m 
Maximum Darcy Weisbach friction factor for living plant 0 0  
Harvest Units WeppWilSet WeppWilSet  





表 3-14  WEPPに入力した耕起に関するパラメータ 









Percent residue buried on 
interil areas for fragile 
crops 
0  0  0  0  0  85  % 
Percent residue buried on 
interil areas for non-
fragile crops 
0  0  0  0  0  85  % 
Number of rows of tilage 
implement 0  0  0  0  0  0  
Implement Code Other  Other  Other  Other  Other  Other  













Ridge height value after 
tilage 0  0  15  0  0  0 cm 
Ridge interval 0  0  80  0  0  0 cm 
Percent residue buried on 
ril areas for fragile crops 0  0  0  0  0  85  % 
Percent residue buried on 
ril areas for non-fragile 
crops 
0  0  0  0  0  85  % 
Random roughness value 
after tilage 2  2  2  1  1  1 cm 
Surface area disturbed (0-
100%) 100  48  60  100  100  100  % 
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図 3-8 Nampulaの耕起区における1日ごとの土壌侵食実測値と予測値の関係 
 
 
























































































図 3-11 Nampulaにおける作物残渣マルチ区の1作期ごとの土壌侵食実測値と予測値 
 
 


































































































































































































結果が 0.31 t ha-1刻みとなってしまい予測精度が著しく低下してしまった（図 3-18）．このことから，
WEPPモデルのシステムの制約上，敚面長を極端に短く設定せざるを得ない様な技術はWEPPでのシミ
ュレーションに遚さないと言える．一数，実測値による比較では，キマメのアレイクロッピングはキマ




























図 3-17 キマメのアレイクロッピング区の土壌侵食実測値と予測値 
 
 
























































































































































































































図 4-1 土壌侵食予測値が10t ha-1となる傾斜の算定方法の例 
 
y = 0.2177x2-0.4152x + 2.3089
R² = 0.9998









































図 4-2 モザンビークの農業生態ゾーニングマップ 
 
 
表 4-1 農業生態ゾーンR7およびR10に属する地域 
農業生態 
ゾーン 邦 



















表 4-2 土質ごとの代表値（平均値） 
土質区分 土性区分 粘土（%）  砂（%） 範囲 中間値 平均値  範囲 中間値 平均値 
砂質 S  0-5  2.5 5  85-100  92.5 91.3 LS  0-15  7.5  85-95  90 
壌質 
SL  0-15  7.5 
7.5 
 65-85  75 
51.7 L  0-15  7.5  40-65  52.5 
SiL  0-15  7.5  0-55  27.5 
粘質 
SCL  15-25  20 
20 
 5-85  45 
37.5 CL  15-25  20  30-65  47.5 
SiCL  15-25  20  0-40  20 
強粘質 
SC  25-45  35 
44.4 
 55-75  65 
35 LC  25-45  35  10-55  32.5 SiC  25-45  35  0-30  15 





表 4-3 触感による土性の判定方法 






























図 4-4 粘土含量とCECの関係 
 
 
 図 4-5 粘土含量と有機物含有量の関係 
 
 
表 4-4 粘土との回帰式から求めた土質ごとの 
CECと有機物含量 
土質 CEC （meq 100g-1） 
有機物含量 
（%） 
砂質 3.36 1.12 
壌質 4.80 1.53 
粘質 11.99 3.59 
強粘質 26.02 7.53 
 













































表 4-5  WEPPに入力したゾーンR7における各処理区の作物・圃場管理スケジュール 
耕起 
Date 
(M/D/Y) Operation Type Name Comments 
1/1/1 Initial Conditions After harvest of Maize  
12/20/2  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
12/20/2  Plant - Annual Nampula Pigeon Pea Row Width: 80.00 cm 
7/25/3  Harvest - Annual Nampula Pigeon Pea  
12/19/3  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
12/19/3  Residue Removal Residue Removal  
12/20/3  Plant - Annual Lichinga Maize Row Width: 80.00 cm 




(M/D/Y) Operation Type Name Comments 
1/1/1 Initial Conditions After harvest of Maize  
12/20/2  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
12/20/2  Plant - Annual Nampula Pigeon Pea Row Width: 80.00 cm 
7/25/3  Harvest - Annual Nampula Pigeon Pea  
12/19/3  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
12/19/3  Residue Removal Residue Removal  
12/20/3  Plant - Annual Lichinga Maize Row Width: 80.00 cm 








(M/D/Y) Operation Type Name Comments 
1/1/1 Initial Conditions After harvest of Maize  
12/20/2  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
12/20/2  Plant - Annual Nampula Pigeon Pea Row Width: 80.00 cm 
7/25/3  Harvest - Annual Nampula Pigeon Pea  
12/19/3  Tilage Tilage 10cm Depth: 10.00 cm; Type: Pri 
12/19/3  Residue Removal Residue Removal  
12/20/3  Plant - Annual Lichinga Maize Row Width: 80.00 cm 




(M/D/Y) Operation Type Name Comments 
1/1/1 Initial Conditions After harvest of Maize   
12/1/2  Plant - Perennial Vetiver Lichinga Row Width: 30.00 cm; Does 
not senesce 
12/9/3  Residue Removal Residue Removal  
12/10/3  Cut - Perennial Vetiver grass  
12/10/3  Residue Addition Vetiver grass  
1/20/4  Cut - Perennial Vetiver grass  
1/20/4  Residue Addition Vetiver grass  
2/20/4  Cut - Perennial Vetiver grass  




(M/D/Y) Operation Type Name Comments 
1/1/1 Initial Conditions Nampula Tilage   
12/20/2  Plant - Annual Nampula Pigeon Pea Row Width: 80.00 cm 
7/25/3  Harvest - Annual Nampula Pigeon Pea  
12/19/3  Residue Removal Residue Removal   
12/20/3  Plant - Annual Lichinga Maize Row Width: 80.00 cm 




(M/D/Y) Operation Type Name Comments 
1/1/1 Initial Conditions After harvest of Maize  
12/20/2  Plant - Annual Nampula Pigeon Pea Row Width: 80.00 cm 
7/25/3  Harvest - Annual Nampula Pigeon Pea  
12/19/3  Residue Removal Residue Removal   
12/20/3  Plant - Annual Lichinga Maize Row Width: 80.00 cm 
12/20/3  Residue Addition Pigeon pea Mulch 25%  





(M/D/Y) Operation Type Name Comments 
1/1/1 Initial Conditions Nampula Tilage   
12/1/2  Plant - Perennial Vetiver grass Row Width: 30.00 cm; Does 
not senesce 
12/9/3  Residue Removal Residue Removal  
12/10/3  Cut - Perennial Vetiver grass  
12/10/3  Residue Addition Vetiver grass  
1/20/4  Cut - Perennial Vetiver grass  
1/20/4  Residue Addition Vetiver grass  
2/20/4  Cut - Perennial Vetiver grass  




(M/D/Y) Operation Type Name Comments 
1/1/1 Initial Conditions After harvest of Maize  
12/20/2  Plant - Annual Nampula Pigeon Pea Row Width: 80.00 cm 
7/25/3  Harvest - Annual Nampula Pigeon Pea  
12/19/3  Residue Removal Residue Removal   
12/20/3  Plant - Annual Lichinga Maize Row Width: 80.00 cm 
12/20/3  Residue Addition Pigeon pea Mulch 50%  





































図 4-6 R7の耕起区における土質ごとの 
土壌侵食予測値と傾斜の関係 






図 4-8 R10の耕起区における土質ごとの 
土壌侵食予測値と傾斜の関係 










































































































































































































































































































































































































































































































































































































































表 4-6 耕起および最小耕起によって土壌侵食量を10t ha-1以下に抑えることの出来る傾斜 
農業生態 




砂質 16.2% 10.5% -5.7% 
壌質 4.8% 7.3% 2.5% 
粘質 5.1% 8.5% 3.4% 
強粘質 5.3% 10.5% 5.2% 
平均 7.9% 9.2% 1.4% 
R10 
砂質 2.3% 3.4% 1.1% 
壌質 4.6% 5.3% 0.7% 
粘質 4.5% 5.5% 1.0% 
強粘質 4.9% 7.2% 2.3% 
平均 4.1% 5.4% 1.3% 

































と50%の差 0%  25%  50% 
R7 
砂質 16.2% 25.4%  29.4%  9.2%  4.0% 
壌質 4.8%  6.8%  7.7%  2.0%  0.9% 
粘質 5.1%  7.6%  8.8%  2.5%  1.2% 
強粘質 5.3%  8.5%  9.7%  3.2%  1.2% 
平均 7.9%  12.1%  13.9%  4.2%  1.8% 
R10 
砂質 2.3%  6.0%  6.4%  3.7%  0.4% 
壌質 4.6%  7.6%  8.0%  3.0%  0.4% 
粘質 4.5%  8.5%  9.1%  4.0%  0.6% 
強粘質 4.9%  10.2%  11.1%  5.3%  0.9% 
平均 4.1%  8.1%  8.7%  4.0%  0.6% 















表 4-8 ベチベル草植生帯の有無による土壌侵食量を10t ha-1以下に抑えることの出来る傾斜の差 
農業生態 








砂質 16.2% 17.2% 1.0% 
壌質 4.8% 7.1% 2.3% 
粘質 5.1% 7.8% 2.7% 
強粘質 5.3% 9.5% 4.2% 
平均 7.9% 10.4% 2.6% 
R10 
砂質 2.3% 6.4% 3.8% 
壌質 4.6% 9.3% 4.7% 
粘質 4.5% 9.6% 5.1% 
強粘質 4.9% 12.7% 7.8% 
平均 4.1% 9.5% 5.4% 



























































導入の難断  ○    侵食抑制効果 
侵食抑制効果  ○    収益性 
導入の難断   ○   収益性 
 
 
表 4-11 評価項目ごとの重み 
評価項目 侵食抑制効果 導入の難断 収益性 幾何平均 重み 
侵食抑制効果 1 1/2 1/2 1.00 0.312 
導入の難断 2 1 1/3 0.64 0.199 









表 4-12 評価項目の基準 

























表 4-13 土壌侵食抑制効果による一対比較 
 最小耕起 残涆マルチ ベチベル草 ｱﾚｲｸﾛｯﾋﾟﾝｸﾞ 幾何平均 重み 
最小耕起 1 2/5 2/5 2/5  0.50  0.149 
残涆マルチ 5/2 1 1 1  1.00  0.296 
ベチベル草 5/2 1 1 1  1.00  0.296 














表 4-14 導入の難易による一対比較 
 最小耕起 残涆マルチ ベチベル草 ｱﾚｲｸﾛｯﾋﾟﾝｸﾞ 幾何平均 重み 
最小耕起 1 1 5/1 5/2  1.88  0.587 
残涆マルチ 1 1 5/1 5/2  1.88  0.587 
ベチベル草 1/5 2 1 1/2  0.56  0.176 
































表 4-15 収益性による一対比較 
 最小耕起 残涆マルチ ベチベル草 ｱﾚｲｸﾛｯﾋﾟﾝｸﾞ 幾何平均 重み 
最小耕起 1 5/3 5/3 5/1  1.93  0.417 
残涆マルチ 3/5 1 3/3 3/1  1.16  0.250 
ベチベル草 3/5 3/3 1 3/1  1.16  0.250 














表 4-16 技術の総合評価と優先順位 







最小耕起 0.049 0.117 0.204 0.370 1 
残涆マルチ 0.097 0.117 0.122 0.337 2 
ベチベル草 0.097 0.035 0.122 0.255 3 



























表 4-17 農業生態ゾーン，土質，傾斜による各条件において土壌侵食量を10t ha-1以下に抑える
ことの出来る技術の組み合わせ 
農業生態











砂質 16.2%  10.5%  21.1%  33.4% 85.9% 
壌質 4.8%  7.3%  14.0%  24.2%  40.2% 
粘質 5.1%  8.5%  12.2%  22.1%  35.2% 
強粘質 5.3%  10.5%  16.6%  31.2%  51.4% 
平均 7.9%  9.2%  16.0%  27.7%  53.2% 
R10 
砂質 2.3%  3.4%  6.1%  14.6%  19.7% 
壌質 4.6%  5.3%  9.2%  20.4%  30.6% 
粘質 4.5%  5.5%  9.5%  30.3%  35.1% 
強粘質 4.9%  7.2%  12.7%  36.3%  55.7% 
平均  4.5% 5.4%  9.38%  25.40%  35.28% 





























































































































































































維持するためには土壌侵食を4.9 to 12.4 t ha–1 year–1に抑える必要があるとしている．この情報を参考に，













グでは 10.1%，ベチベル草植生帯では 10.0%の傾敚まで，土壌侵食量を 10 t ha–1以下に抑制する
ことが出来るという結果となった． 
 最後に全ての技術を組み合わせることによってどの程度の傾敚まで土壌侵食量を10 t ha–1以下に
抑制することが出来るかを算出した．その結果，約20%以上とかなりの急傾敚まで土壌侵食量を
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